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Introduction
Around 200 general cancer registries, currently active in the world, are used to collect new cases of hematologic malignancies according to the International Classification of Diseases -Oncology (ICD-O) criteria. Nevertheless, knowledge on these diseases is relatively recent, and is evolving quickly. Classifications have, therefore, been regularly modified, not always with unanimous acceptance. This has created difficulties for epidemiologists wishing to register data on different entities, and hematologic malignancies have usually been analyzed as broad categories such as "myeloid leukemia" or "unspecified leukemia" mixing both acute leukemia and other myeloid malignancies. 1 Furthermore, because in the ICD-O-2 version, used until 1999, polycythemia vera, essential thrombocythemia, and all myelodysplastic syndromes (MDS) were not considered to be malignant, no data were recorded about these disorders in general cancer registries. As the ICD-O-3 version was developed, these diseases were recognized to be malignant and data for the 1998-2002 period, published in CIVC IX, distinguished myeloid leukemia, myeloproliferative disorders, now called myeloproliferative neoplasms (MPN), and MDS. 2 The World Health Organization (WHO) classification of hematologic malignancies published in 2001 incorporated clinical, biological, pathological and prognostic aspects of the diseases and has been adopted worldwide. 3 Furthermore, it was drawn up to show correspondence with the ICD-O-3 version, thus enabling the quality of data recorded about these diseases to be improved.
One of the major purposes of a specialized registry is to collect as detailed information as possible and to provide epidemiological data on well-defined subtypes of diseases. In hematology, they are very few such registries. The first specialized registry of hematologic malignancies in the world was established in 1980 in the Côte d'Or area, in the French region of Burgundy. 4 The registration of cases has been uninterrupted since then, and thus over 25 years of epidemiological data concerning a population of around 500,000 inhabitants, which has been relatively stable over time, have been collected. Since the beginning, all subtypes of hematologic malignancies have been registered and classification modifications were implemented for each case. This allows the registry to provide detailed and accurate information on the incidence and survival of subjects with the major hematologic malignancies over an extended period of time.
Design and Methods

Population and cases
The Côte d'Or Department is a French administrative area of the Burgundy Region. The total population was 467,998 inhabitants in 1980 and 512,272 inhabitants in 2004 (+9.5%). All patients residing in the Department for more than 6 months in whom a new myeloid hematologic malignancy was diagnosed between January 3 Therapy-related MDS (9987/3) and MDS/MPN were included in the therapy-related myeloid malignancies (9920/3) subgroup. 5 Acute leukemias of ambiguous lineage were clustered within AML not otherwise specified (nos). Chronic myeloid leukemia, nos (CML) (9863/3) and CML, BCR-ABL-positive (9865/3) cases were clustered. Cases of acute leukemia arising after a MPN or MDS were excluded as they were not incident cases.
Registration
Items including administrative data, clinical and biological imaging at diagnosis and follow-up were registered. Registration rules of the International Association of Cancer Registries were followed. A dedicated computerized database approved by the French "Commission Nationale de l'Informatique et des Libertés" was used. The quality of the registry has been checked and validated through regular auditing by INSERM, the French Institute of Health Care Surveillance, the National Committee of Registries and the French National Cancer Institute, since 1989.
Statistics
Age-and sex-specific incidence rate calculations were performed using dataset estimates of the Côte d'Or population, supplied by the French National Institute of Statistics (INSEE). Rates were age-adjusted according to the world standard population as a standardization process. Incidence rates were calculated for each entity, per year and by 5-year periods of time. The date of diagnosis and vital status on 12/31/2008 were used to calculate observed survival by the Kaplan-Meier method. Relative survival was defined as the ratio of the observed survival to the expected survival. Survival data were analyzed by entity and by group of diseases using Stata 9 software. Comparisons between groups were performed using the log-rank test and two-sided P values less than 0.05 were considered statistically significant. 
Results
Myeloid
Incidence
Analysis of the four major AML WHO categories showed that 48% were 'not otherwise categorized' (noc) while 25% were AML with multilineage dysplasia (Table  1) . Within AML with recurrent cytogenetic abnormalities, the most frequent entity was AML with t(15;17) and within AML-noc, the majority of cases were AML with maturation and AML involving the monocytic lineage. The world standard population incidence rate of AML was not significantly different according to gender, being 2.8/100,000 inhabitants/year in men and 2.2/100,000 inhabitants/year in women although the sex ratio was biased at 1.3 (P<0.001). A reverse sex ratio was observed in therapy-related myeloid malignancies (0.7, P=0.02) and in AML with recurrent cytogenetic abnormalities (0.95), particularly in AML with t(15;17) (0.7). The median age of AML patients was 69.7 years while their mean age was 62 years (range, 0.2-98 years), being significantly lower in AML with recurrent cytogenetic abnormalities (44 years, P<0.001). The incidence of AML increased with age in all AML subgroups, particularly after the 55-59 years old age range. The incidence of overall AML was relatively stable over time, being 2.5/100 000 inhabitants/year in the period from 1980-1984 and 2.35/100,000 inhabitants/year 20 years later in the period from 2000-2004. The mean annual rate of variation was positive in men while it was negative in women (P=ns) (Online Supplementary Table S1 ). This trend was the same for all four subgroups of AML.
Following the introduction of the WHO classification, MDS became less frequent than MPN (1.35/100,000 inhabitants/year versus 3.2/100,000 inhabitants/year). The most frequent entity was refractory anemia with blasts, with an incidence rate of 0.55/100,000 inhabitants/year, followed by refractory anemia with ring sideroblasts with an incidence rate of 0.4/100,000 inhabitants/year. The male predominance was statistically significant for all entities except the 5q-syndrome which was more frequent in women (Table 2) . MDS began to appear in people in their forties and the incidence rate increased markedly in subgroups older than 65-69 years, reaching 54/100,000 inhabitants/year for people older than 84. The incidence of MDS increased significantly throughout the period with a 2.4% mean annual increment rate (P<0.01) significantly partitioned as 2% in men (P<0.01) and 2.9% in women (P<0.01) (Online Supplementary Table S1 ).
Within MPN, essential thrombocythemia was the most frequent entity with an incidence rate 1.2/100,000 inhabitants/year, followed by CML (0.9/100,000 inhabitants/year) and polycythemia vera (0.6/100,000 inhabitants/year) ( Table 2 ). Essential thrombocythemia was also characterized by a reversed sex ratio (0.9), contrasting with other MPN in which the male predominance was marked. This gender-related difference was statistically significant for CML and chronic idiopathic myelofibrosis. The mean age of occurrence of CML was approximately 10 years lower than that for other MPN. With regard to age, incidence rates of MPN increased from 25-29 years onwards, although a slight decrease was observed after 80 years old. An increase in incidence throughout the period studied was noted in women with an annual rate of 2.3% per year (P<0.001), while there was a slight decrease in men (Online Supplementary Table S1 ).
By far the most common MDS/MPN was chronic myelomonocytic leukemia (96% of the cases). The incidence rate of chronic myelomonocytic leukemia was 0.52/100,000 inhabitants/year with a markedly significant predominance in males. The mean age at diagnosis was 78.5 years old and was higher in women than in men (Table 2 ). An increasing incidence rate was found in both sexes throughout the observation period, although this increase was not statistically significant.
Survival
In this large cohort, the median observed survival was 91.7 months for patients with MPN, 33.8 months for those with MDS, 26.6 months for patients with MDS/MPN and 8.9 months for those with AML (Online Supplementary  Table S2 ). There were, however, considerable differences between subgroups and entities. Within patients with AML, the significantly best median observed survival was in those with AML with recurrent cytogenetic abnormalities (126 months). For all entities, relative survival was quite similar to observed survival (Table 3) . Analyzed according to subgroups, the best 20-year relative survival was observed in patients with AML with recurrent cytogenetic abnormalities (Figure 1 ) especially those with t(15;17) (63%). With regards to gender, there was no difference in AML, but the relative survival of patients with AML with recurrent cytogenetic abnormalities was better in men than in women (20-year relative survival: 64% in men and 45% in women; P=ns). Analysis by age showed that the 15-year relative survival was 32% in patients younger than 63 years old (median age) but only 1% in patients over 63 years old (P<0.001).
Over the 25 years of data registration analyzed, relative survival increased significantly in AML but surprisingly a decrease was observed in the 2000-2004 period (Figure 2 ).
Among patients with MDS, the median observed survival of those with refractory anemia with ring sideroblasts was 54.8 months whereas that of patients with refractory anemia was 30 months. In MDS, there was a slight difference with a 10-year relative survival of 19%, a 15-year relative survival of 10% and a 20-year relative survival of 6% compared with observed survival rates of 11%, 6% and 2%, respectively. With regard to gender, the 20-year relative survival of patients with MDS was significantly better in women (11%) than in men (3%) (P<0.008). This held true for cases of refractory anemia (33% versus 4%) and refractory anemia with ring sideroblasts (15-year relative survival: 20% versus 1%). No increase of relative survival was observed along the registration period (Figure 3) .
Among MPN, the median observed survival of patients with polycythemia vera and essential thrombocythemia was 141 months and 129 months, respectively. In MPN, the relative survival was 15% higher than the observed survival with relative survival rates of 60% at 10 years, 46% at 15 years and 34% at 20 years. In MPN, the 20-year relative survival was better for women (39%) than for men (30%) (P<0.001), this being true only for CML (25% versus 11%). The 20-year relative survival decreased significantly with age (41% before 64 years old versus 11% after 64 years old, P<0.008). An increase of relative survival was observed in MPN across all 5-year periods, with this being particularly marked in patients with CML (Online Supplementary Figure S1 ). The survival rate of patients with chronic myelomonocytic leukemia was quite low with a 15-year observed survival rate of 0.5% and a relative survival of 1% (Table 3) . No difference was found according to gender and relative survival did not change across the 25-year period studied.
Discussion
Limited data are available on the epidemiological characteristics of hematologic disorders of the myeloid lineage. The registry we report upon here is the oldest of its kind in the world. It allows us to provide epidemiological data for one of the longest registration periods reported so far in hematology .
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haematologica | 2011; 96(1) The incidence rate of AML observed was similar to the rates reported in South-East England and Sardinia. 6, 7 Differences from American Surveillance, Epidemiology and End Results (SEER) data could be due to the reference population used for the standardization process: we used the world population while SEER used the US population. 8 A higher incidence of AML cases recently reported in Sweden was due to the inclusion in their series of secondary cases occurring after previous MDS or other hematologic malignancies. 9 As such cases are not incident AML cases, they were not included in our analyses. The higher incidence of AML in men is widely shared, but surprisingly the rate in our women was higher than that in other countries. 2, 6, 7 The proportion of AML with recurrent cytogenetic abnormalities in our series was slightly lower (11.9%) than in larger series from Germany or England, probably because karyotypic information was not always available for older cases. Nevertheless our data are similar Epidemiology of myeloid malignancies haematologica | 2011; 96 (1) 59 to those from Denmark. [9] [10] [11] In all of the above series, except that from Germany, the most frequent disease was AML with t(15;17), partially because of cases secondary to mitoxantrone treatment of breast cancer or linked to the body-mass index increase in western populations. 12, 13 Since 1980, we have observed a non-significant trend towards an increase in the incidence of AML in men. 7, 14, 15 There are three potential reasons why the incidence rates of MDS from the USA and the South Thames area (UK) are higher than those in the Côte d'Or. 6, 16, 17 First, we used positive criteria, such as karyotypic abnormality, abnormal progenitor in vitro culture or evolution to a more aggressive entity, 18 to register cases of refractory anemia in the database in order to avoid over-inclusion of false cases. Secondly, the changes in classification led to a partition of around 30% of cases (refractory anemia with excess of blast in transformation became included in AML, chronic myelomonocytic leukemia as MDS/MPN diseases). In our series, this partition was applied to cases since 1980 which is frequently not the case in other series. 6 The third possible explanation was the reference population used for the standardization process as mentioned for AML. A marked increase in incidence was found despite temporal variations, 19 probably because of population aging and a higher number of diagnostic procedures now performed for MDS.
MPN appears to be the most prominent group of myeloid diseases. 6, 17 The incidence rate of polycythemia vera varies from 1.97/100,00 inhabitants/year in the Göteborg area, 1.1/100,00 inhabitants/year in the SEER population, 0.74/100,00 inhabitants/year in the South Thames area, to 0.61/100,00 inhabitants/year in our region. By contrast, the incidence of essential thrombocythemia is higher in the Côte d'Or, England and Sweden (incidence rates per 100,00 inhabitants/year: 1.2, 1.1 and 1.55, respectively) than in the USA (0.5/100,00 inhabitants/year) and Denmark (0.6/100,00 inhabitants/year). 20 Detection of the JAK2 mutation and new diagnostic criteria from the WHO will probably cause changes in these rates.
5,21 A significant increase in incidence was observed in women in our series, confirming results of the Copenhagen district series, but contrasting with those from Göteborg for the period from 1983-1999. 20, 22 The mean age at diagnosis in our series was close to that in both the Swedish and Danish populations but approximately 5 to 10 years younger than in patients from the South Thames area. 6, 22 Data on long-term survival, such as over 15 or 20 years, are quite rare in the literature, especially from populationbased studies. In AML, the most remarkable finding of our series was the tapering of the survival increase observed in the 2000-2004 period. This observation had been hinted at on a European level by data from the EUROCARE database: increases in 5-year relative survival rates in AML had been reported for cases diagnosed in 1985-1989 and in 1995-1999, but a decrease was reported for cases diagnosed in 2000-2002. [23] [24] [25] This scenario is difficult to explain as the quality of care probably improved and should have led to an increase in survival. Population aging might be responsible, since the incidence of AML increases with age, particularly for poor prognosis entities such as AML with multilineage dysplasia and therapy-related cases. Among MPN, the 5-year relative survival of patients with CML was much higher in our series than in the EURO-CARE 4 cohort. This was probably due to the inclusion of different types of chronic leukemia of myeloid tissue such as chronic myelomonocytic leukemia in the EUROCARE 4 series. Furthermore, the use of anti-tyrosine kinase-targeted therapy specific for BCR-ABL rearrangement in our area since the early 2000s could largely explain the observed increase in survival. The difference between long-term observed survival and relative survival reported here for cases of polycythemia vera and essential thrombocythemia indicates that patients more frequently die from another cause than from their hematologic myeloid disease, confirming the good prognosis of these disorders. Data on survival of MDS patients from population-based haematologica | 2011; 96(1) 100  90  80  70  60  50  40  30  20  10  0  0  2  4  6  8  10  12  14  16  18  20   0  5  10  15  20   0  2  4  6  8  10  12  14  16  18  20 series are very rare. We report a 5-year observed survival of 32% and a relative survival of 45%, confirming the limited data from the USA and the South Thames area. 6, 16, 17 The forms of MDS associated with best relative survival are refractory anemia with ring sideroblasts and refractory anemia, as reported in the South Thames series 6 and in clinical series classified according to the International Prognostic Scoring System. 26 Relative survival did not increase along the observation period, probably because of the lack of a specific therapeutic regimen available over that time period. This might very well change with the emergence of specific therapeutic approaches and the development of new drugs such as hypomethylating agents (azacitidine and decitabine) to tackle the observed increase in the incidence of these diseases due to the worldwide aging of the population.
Our population-based data highlight some useful points for clinicians and public health authorities such as the surprising decrease of the relative survival of AML in the most recent period and the increasing incidence of MDS concomitant with a lack of increase in relative survival in these disorders.
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